The development and use of renewable energy sources for electricity generation, particularly energy from wind, hydro, solar, biomass and geothermal, is a central aim of the European Commission's Energy Policy. For this reason, it is important to know what could be the role that renewable could play within the EU energy mix during the coming years, based on the role that this type of energy sources is now playing. The use of renewable energy sources for the generation of electricity is expected to be economically competitive in comparison with the use of conventional energy sources with the same purpose, will reduce the negative impact on the environment and the population as a result of the burn of fossil fuels, and will reduce the cost of the energy bill in the medium to long-term.
INTRODUCTION
The increase use of renewable energy sources for electricity generation is a central aim of the European Commission's Energy Policy reflected in the Directive 2001/77/EC (2001) 1 . The reasons for adopting this policy are:
a)
The use of renewable energy sources for electricity generation has an important role to play in reducing CO 2 emissions; b) Increasing the share of renewable energy sources in the European energy balance enhances sustainability; c) Helps to improve the security of energy supply by reducing the growing dependence of the region on imported fossil fuels (Morales Pedraza, 2008 ).
Renewable energy sources are expected to be economically competitive with conventional energy sources for electricity generation in the medium to longterm, despite the fact that most of the European countries are deeply dependent on the use of fossil fuels for the generation of electricity, and have in place all the necessary facilities to use this type of energy sources in the most economical manner. *Correspondence to this Author: E-mail: jmorales47@hotmail.com, jmorales547@yahoo.com 1 The Directive 2001/77/EC defines the energy from renewable sources as "energy from non-fossil fuel sources that is wind, solar, aero-thermal, geothermal, hydrothermal, ocean energy, hydropower, biomass, landfill gas, sewage treatment gas, and biogases.
While solar and wind power is growing at 20 percent and 30 percent, respectively, and their costs are decreasing rapidly, their market share is minuscule compared to the scale of oil and natural gas market. According to Figure 1 , the consumption of different types of renewable energy sources is expected to increase from around 26 quadrillion BTU in 1990 to a little bit over 50 quadrillion of BTU in 2020. The increase use of this type of energy source during the period 2025-2020 and beyond, will has a positive impact on the environment and the population as well as in several economic sectors.
The European Union (EU) has ambitious targets in the field of environment. According to the EEA Technical Report No 6/2009, the new climate-energy legislative package sets mandatory national target corresponding to a 20 percent share of renewable energies in overall community energy consumption by 2020, and a mandatory 10 percent minimum target to be achieved by all EU Member States for the share of renewable energy in transport consumption by 2020.
The 2009 EC Directive on the promotion of the use of renewable energy sources (2009/28/EC) not only set mandatory renewable energy targets for each EU Member State, but drafted a trajectory on how to reach these targets. The EC Directive also improves the legal framework for promoting the use of renewable for the generation of electricity, requires national action plans that establish pathways for the development of renewable energy sources, creates cooperation mechanisms to help achieve the targets cost effectively, and establishes the sustainability criteria for the use of biofuels as an energy source for the generation of electricity.
According to Figure 2 , Sweden is the country within the European region with the highest percentage in the use of renewable energy sources for the generation of electricity in 2005, and the country with the highest possibility to reach the target established by the EU in 2020, followed by Latvia, Finland, Austria and Portugal.
In the EU, the satisfaction of energy needs is crucially linked to the security of energy supply and to the commitments to reduce greenhouse gas emissions.
The development of distributed generation and renewable electricity generation technologies are essential to achieve these goals and to reduce the cost of the energy bill in all EU Member States. In the longterm, Europe has a vision of a sustainable energy system where hydrogen and electricity act as the two main energy forms with fuel-cell technology providing the bridge between them. Together, these interchangeable energy carriers provide a unique pathway to gradually decreasing Europe's dependence on fossil fuels, and reducing greenhouse gas emissions and pollutants.
EU RENEWABLE ENERGY POLICY
Ambitious targets are at the core of the EU's policies to promote the generation of electricity from renewable energy sources. The EU sets out a strategy for the increase in the use of renewable for electricity generation in the document called "Energy for the Future: Renewable Sources of Energy White Paper for a Community Strategy and Action Plan 1997". The document mentioned early set the goal of doubling the share of renewable energy in the EU's energy mix during the coming years. The EC Directive 2001/77 is the most important piece of legislation ever introduced for the promotion of the use of renewable energy 
SHARE OF RENEWABLE ENERGY SOURCES IN GROSS DOMESTIC ENERGY CONSUMPTION
For 2020, it is expected that the share of renewable energies in gross domestic energy consumption in the EU reach 20 percent, and a binding 10 percent target for the share of renewable energy in transport petrol and diesel, instead of a target of 5.5 percent previously approved. This implies that the EU power sector continues its move away from the use of fuel oil, coal and, in some countries, nuclear power for electricity generation, whilst at the same time increasing its total installed capacity to meet growing power demand. The net growth in the last eleven years of natural gas power (118.2 GW), wind power (74.3 GW) and solar photovoltaic 2 (26.4 GW) was at the expense of fuel oil (down 13.2 GW), coal (down 9.5 GW) and nuclear energy (down 7.6 GW). The decrease in the role of nuclear energy in the energy mix of the EU will be even higher in the coming years due to the closure of nuclear power plants in Germany, France, Sweden, Switzerland, Belgium, and the UK, among others.
The total renewable capacities installed in the EU-27 in 2012 were reported at 210 GW, which represents 43.75 percent of the total. The majority of the renewable capacities installed are wind power, followed by solar photovoltaic and geothermal power.
The data and analysis included in the renewable energy progress report {SWD (2013) 102 final} prepared by the EC in 2013 shows that while the EU as a whole is on its trajectory towards the 2020 targets, some EU Member States need to undertake additional efforts to fulfil their commitments. Whilst EU Member States have had seven years to achieve the first 20 percent of their target for 2012, thereafter they have only two years to achieve the next 10 percent for 2014, 15 percent for 2016, 20 percent for 2018, and 35 percent in 2020. In addition, the significant change in economic circumstances in Europe and the negative 2 There are two types of solar renewable technologies. The first is solar photovoltaic. This type of solar power is at best marginally efficient when converting energy from sunlight into electricity. And when the sun is not shining…well you get it. The second, solar thermal involves putting mirrors on motors to track sunlight. The mirrors concentrate the light to generate heat, which then boils water to drive turbines. This technology can store the excess heat in molten salt. But it is expensive when compared to the first technology. But, what if both technologies are combined in order to create a hybrid system? Then the conversion inefficiencies of the former would be offset by the continuous energy that could be gained from the latter. Overall the amount of energy from sunlight could top 50 percent conversion efficiency. A combination of solar photovoltaic panels with solar thermal would give the best of both technologies. This is something that will increase the efficiency in the use of solar power for electricity generation in the future. impact of the economic and financial crisis affecting the whole EU since 2008 will result, according to an analysis undertaken for the EC, in current policies being insufficient to trigger the required renewable energy deployment in a majority of the EU Member States.
NEW RENEWABLE ELECTRICITY CAPACITY INSTALLED
Since 1995, a systematic increase in the installation of new renewable capacity in the EU has been reported. In 1995, the new installed renewable capacity was almost irrelevant in comparison to other energy sources, but after 2005 the new installed renewable capacity increases more than three folds. Renewable energy is OECD Europe's fastest-growing source of electricity generation, and it is expected to increase by 2.5 percent per year through 2035. In the EU, renewables accounted for almost 70 percent of the additions to electric capacity in 2012, mostly from solar photovoltaic and wind power. In 2011 (the latest year for which data are available), renewable met 20.6 percent of the region's electricity consumption and 13.4 percent of gross final energy consumption (REN 21, 2013 ).
In the case of wind power it has grown rapidly during the past 12 years. Installed capacity has increased more than 7.6 folds from around 13 GW in 2000 to more than 100 GW in 2012 (Fitch-Roy et al., 2013) . Due to the increase in wind new capacities, during this period at present wind power dominates the non-hydro new capacity mix with a total participation of 28.8 percent. During the period 2010-2030 it is expected an increase in wind onshore of 207 percent and in wind offshore of 51.7 folds. 
According
to Global Market Outlook for Photovoltaics until 2015 Report, over the past decade, the solar photovoltaic market has experienced unprecedented growth. In particular in the last year, the solar photovoltaic market has reached a cumulative installed capacity of roughly 40 GW world-wide, with an annual added capacity of 16.6 GW in 2010. In 2012, the solar photovoltaic capacity reached 102 GW worldwide. This capacity is capable of producing as much annual electrical energy as 16 coal power plants or nuclear reactors of 1 GW each. Each year these solar photovoltaic installations save more than 53 million tons of CO 2 (Masson et al., 2012) .
The solar photovoltaic power is well on the way to becoming a fully competitive part of the electricity system in the EU and an increasingly important part of the energy mix around the Globe. But much of the progress in recent years has been very heterogeneous, varying from country to country, due to several factors, the most important being different national regulations and incentive schemes as well as the varying availability of financing facilities.
In Europe, the region accounted for around 22.7 GW of new installed solar photovoltaic capacity in 2011 3 . In 2012, the new total installed solar photovoltaic capacity reported was around 16.6 GW and was considered enough to produce roughly 2.6 percent of the region's electricity demand, and about 5.2 of peak electricity demand, according to the European Photovoltaic Industry Association (EPIA). In 2013, over 37 GW worth of solar photovoltaic capacity was installed worldwide. It is important to highlight that in 2012, Europe's solar new photovoltaic installations fell from 22.7 GW in 2011 to 16.6 GW in 2012, its first decline since 2006.
Summing up can be stated that over the past ten years, the solar photovoltaic industry grew in Europe until reached an accumulative capacity of 69 GW and the production costs have decreased by around 60 percent. In 2011, Europe accounted for 74 percent of the world's new solar photovoltaic installations; in 2012 this number was around 55 percent; this represents a reduction of 19 %. In 2013, it is almost certain that the majority of new solar photovoltaic capacity in the world will be installed outside of Europe, due to the natural cooling down period after very strong growth in the previous two years (Masson et al., 2012) . Germany, 3 The yearly electricity produced by solar photovoltaic could power a country with the electricity demand of Austria, which corresponds to 2 percent of the EU's electricity needs.
Italy, Spain, the Czech Republic, France, Belgium, and the United Kingdom are the leaders in installed solar photovoltaic capacity in Europe.
In 2012, at least 78 countries used geothermal energy directly for the generation of electricity. Over two-thirds of the geothermal energy for direct use was through geothermal heat pumps. Twenty-four countries operated geothermal plants for electricity production. Total geothermal electricity capacity was 11.7 GW at the end of 2012. Capacity was led by the U.S. with 3.4 GW of capacity, followed by the Philippines at 1.9 GW, Indonesia at 1.3 GW, Mexico at 1 GW, and Italy at 0.9 GW. On a per capita basis, Iceland leads the world with 0.7 GW of capacity, which accounted for 30 percent of the country's electricity in 2012. Europe has a substantial amount of geothermal projects under development and 15 projects actually under construction. With the exception of Iceland and Italy, these projects are traditionally smaller projects of less than 10 MW (Mattek, 2013) . It is expected that in 2017, the total geothermal power capacity could reach 13.4 GW if all power plants under construction can be finished as planned.
ELECTRICITY GENERATION
The need for an EU support for the use of renewable energy source for electricity generation is clear. According to EWEA (2011), the increase in electricity generated from renewable energy sources is a result of the fact that a majority of newly installed generating capacity is renewable 4 . It is important to highlight that not only some of the new technologies, especially wind energy, small-scale hydropower and solar thermal applications, are economically viable and competitive with respect other energy sources, but European reserves of some of the fossil fuels are limited and the main reserves of these types of energy sources are located outside of the EU, in some cases in instable political areas. 4 Generating electricity from renewable energy sources has a high priority in the energy policy strategies at national and European level as well as at a global scale. Challenging goals for this new kind of electricity generation have been set, e.g. at European level by the 'Directive on the Promotion of Electricity from Renewable Energy Source (European Parliament and Council, 2001) as well as the "White Paper on Renewable Sources of Energy" (COM 1997).
The use of renewable energy sources for electricity generation, such as geothermal, upgrading of largescale hydropower plant or co-firing of biomass is characterized by from an economic point-of-view comparatively low cost and by, in contrast, rather limited future potentials in most countries. Wind energy and in some countries also small-scale hydropower or biomass combustion (in large-scale power plant) represent renewable energy sources for electricity generation with economic attractiveness accompanied by a high additional realizable potential. A broad set of other renewable energy sources for electricity generation technologies are less competitive at present, compare e.g., agricultural biogas and biomass -both if utilized in small-scale power plants, solar photovoltaic, solar thermal electricity, tidal energy or wave power -although, future potentials are in most cases huge (Resch et al., 2006) . The EU target is truly ambitious and will require major efforts by all EU Member States. The contribution of each EU Member State to achieve the EU's target will need to take into account different national circumstances and starting points, including the nature of their energy mix. EU Member States should have the flexibility to promote the renewable energies most suited to their specific potential and priorities. In practice, in implementing their plans EU Member States will need to set their specific objectives for electricity, biofuels, heating and cooling, which would be verified by the EC to ensure that the overall target is being met (COM, 2007) . According to the IEO (2010 and reports, renewable energy is the fastest-growing source of electricity generation within the different energy sources available in the world that can be used for this specific purpose. The use of renewable energy sources for electricity generation is expected that almost triples during the period 2010-2035. Total generation from renewable resources is expected to increase by 2.5 percent annually, and the renewable share of world electricity generation is expected to grow from 21 percent in 2010 to 25 percent in 2040.
In the case of the EU, the EC Directive 2001/77 approved in 1977, included as it main aim an increase the renewable energy's share of electricity generation from 14 percent in 1997 to 21 percent in 2010 in the EU-25; this means an increase of 7 percent. Only few countries achieved this objective.
Six EU Member States increased their shares by more than 2 percent during 2000s, thereby contributing significantly to the development of the renewable energy's total share of electricity generation in the EU. Such growth has occurred primarily via expansion of the use of solid biomass and wind energy.
According to the IEO (2013), almost 80 percent of the projected increase in renewable electricity generation is fueled by hydropower and wind power 5 . Of the 5.4 trillion kWh of new renewable generation that will be added until 2040, a total of 2.8 trillion kWh (52 percent) is attributed to hydroelectric power and 1.5 trillion kWh (28 percent) to wind. Most of the growth in hydroelectric generation (82 percent) will occur in the non-OECD countries, and more than half of the growth in wind generation (52 percent) will occur in the OECD countries, mostly in the European region. Undoubtedly, hydropower remains the single biggest renewable energy source for the generation of electricity, though its overall share falls slightly, from 16 percent to 15.5 percent in the past years. The mix of the two renewable energy sources differs dramatically between the OECD and non-OECD regions. In OECD nations, most economically exploitable hydroelectric resources already have been developed. Except in a few cases-notably, Canada and Turkey-there are few opportunities to expand large-scale hydroelectric power projects, particularly in the EU. Instead, most renewable energy growth in OECD countries is expected to come from non-hydroelectric sources, especially wind. Many OECD countries, particularly those in Europe, have government policies (including feed-in tariffs, tax incentives, and market share quotas) that encourage the construction of wind and other non-hydroelectric renewable electricity facilities. More than 70 percent of the projected growth in OECD renewable energy sources is attributed to non-hydroelectric renewables (IEO, 2013).
In the case of wind power, this type of energy source is growing most in terms of generation. The participation of wind energy for the generation of electricity has grown swiftly over the past decade a trend that continues into the future (World Wind Energy Report 2009 . In the EU, the contribution of wind power was more than doubles in the past years reaching 43 percent of the total (WEO, 2012).
The European Wind Energy Association's has set a target of 230 GW of new wind capacity by 2020, including 40 GW of offshore wind, which would meet 20 percent of the region's electricity demand. If current growth rates continue, all renewables could meet between 35 and 40 percent of total consumption in Europe by 2020, generating around 1 400 TWh.
High construction costs can make the total cost of building and operating renewable generators higher than those for conventional plants. The intermittence of wind and solar energy, in particular, can further hinder the economic competitiveness of those resources, as they are not necessarily available when they would be of greatest value to the system. However, improving battery storage technology and dispersing wind and solar generating facilities over wide geographic areas, could help to mitigate some of the problems associated with the use of these two types of energy sources over the projection period.
Continued growth of the renewable sector within the EU will require major access to the grid and additional public resources. With that in mind, EU Member States were required to adopt and submit National Renewable Energy Plans, within which each State has to set out how the country expects to reach its legally binding 2020 renewables target, the technology mix it expects to use, and the measures and reforms it expects to undertake to overcome development and deployment barriers.
According to the National Renewable Energy Action Plans (NREAPs) approved, the EU-27 will exceed its target of meeting 20 percent of its gross final energy consumption from renewable energy sources by 2020. This means that 34.6 percent of the EU's total electricity consumption should come in 2020 from renewable energy sources. The contribution of each renewable energy source will be the following:
•
Wind energy -14 percent (494.7 TWh from 213 GW installed capacity);
• Hydro -10.5 percent (370.3 TWh from 136 GW of installed capacity) 6 ;
• Biomass -6.7 percent (232 TWh from 43 GW of installed capacity);
• Solar PV -2.4 percent (83.3 TWh from 84 GW of installed capacity);
• Concentrated solar power -0.5 percent (20 TWh from 7 GW of installed capacity);
• Geothermal -0.3 percent (10.7 TWh from 1.6 GW);
• Tidal, wave and ocean -0.2 percent (5.8 TWh from 2 GW of installed capacity).
Taken together the NREAPs it can be expected that the EU-27 has the possibility to meet 20.7 percent of its 2020 energy consumption of different renewable energy sources. Fifteen EU Member States plan to exceed their national target, led by Bulgaria at +2.8 percent above its target, Spain (+2.7 percent), Greece (+2.2 percent), Hungary (+1.7 percent) and Germany (+1.6 percent). Ten EU Member States will meet their national target, and just two EU Member States, Luxembourg (-2.1 percent) and Italy (-0.9 percent), have informed the EC that they envisage using the cooperation mechanisms to meet their national targets.
According to Ruska and Kiviluoma (2011) , in 2020, the total renewable energy electricity production in the EU is estimated to be 1 217 TWh based on NREAPs 6 Hydropower represents the dominating renewable energy source for electricity generation technology, holding a share of 89 percent in 2002. However, over the last decade a huge growth in the use of other renewable energy source for electricity generation options occurred, in particular, bioenergy (including biomass and waste incineration) and wind power increased their share, especially in Europe (Resch et al., 2006) . approved. If the NREAPs are fully implemented, Austria, Sweden, and Latvia will have the largest renewable energy electricity production shares in 2020. For the whole EU, wind power's share of the total consumption is projected to be 14 percent and solar power share almost 3 percent. Variable generation shares vary considerably between countries and electricity market areas. Ireland has the largest projected wind power share of 37 percent, followed by Denmark (31 percent), Greece (25 percent), and Spain (21 percent). Large solar power shares are projected in Spain (8 percent), Germany (7 percent), and Greece (5 percent).
In June 2010, the EC's Joint Research Centre highlighted that if the current growth rates of the renewable electricity generation sources can be maintained in the coming years, up to 1 600 TWh (45-50 percent) of renewable electricity could be generated in 2020."
From Table 1 , the following can be stated: In absolute terms hydropower will be the renewable energy sources with the highest participation in the EU energy mix in 2035 with 67.9 percent, followed by wind with 16.9 percent. Solar and geothermal are the renewables with the lower participation in the EU energy mix in 2035 with 2 percent each. However, solar power is the type of renewable energy source with the highest average annual percentage increase during the period 2007-2035 (12.7 percent) followed by wind power (7.8 percent).
ECONOMIC IMPLICATIONS OF THE EU ENERGY TARGETS
To achieve a 20 percent share for renewable energies within the EU energy mix, it will result in an additional average annual cost of approximately 18 important to highlight that this calculation has been made assuming an oil price of US$48 per barrel by 2020. If this price rose to US$78 per barrel, the average annual cost would fall to US$10.6 billion, an important reduction of US$7.4 billion. But with an oil price of around US$130 per barrel, which is a realistic price for oil for that year, the average annual cost will fall further. If a carbon price of more than 20 were factored in, the 20 percent would cost practically no more than relying on conventional energy sources, but create many jobs in Europe, develop new technology driven European companies, and reduce the negative environmental impact of the use of fossil fuels for the generation of electricity.
The EC estimates that "additional investments between 10 and 15 billion are required to achieve the energy target the EU has set itself." The main factors that should be taken into account are the following:
• Using renewable energy sources today for electricity generation is generally more expensive than using hydrocarbons, but the gap is narrowing -particularly when the costs of climate change are factored in;
•
Economies of scale can reduce the costs in the use of renewable energy source, but this needs major investment today;
• The use of different renewable energy sources for electricity generation helps to improve the EU's security of energy supply by increasing the share of domestically produced energy, diversifying the fuel mix and the sources of energy imports and increasing the proportion of energy from politically stable regions as well as creating new jobs in Europe;
• The use of renewable energy sources for electricity generation emits few or almost no greenhouse gases, and most of them bring significant air quality benefits.
Although renewable energy sources have positive environmental and energy security attributes, most renewable technologies today other than hydroelectricity are not able to compete economically with fossil fuels outside of a few regions. Solar power, for instance, is currently a "niche" source of renewable energy, but can be economical where electricity prices are especially high, where peak load pricing occurs, or where government incentives are available.
Wind and solar are intermittent technologies that can be used only when resources are available. Once built, the cost of operating wind or solar technologies when the resource is available is generally much less than the cost of operating other renewable and conventional energy sources for electricity generation. However, high construction costs can make the total cost to build and operate renewable energy power plants higher than those for conventional power plants. The intermittence of wind and solar can further hinder the economic competitiveness of those resources, as they are not operator-controlled and are not necessarily available when they would be of greatest value to the system. The use of energy storage (such as hydroelectric pumped storage, compressed air storage, and batteries) and a wide geographic dispersal of wind and solar generating facilities could mitigate many of the problems associated with these types of energy sources in the future.
THE COST OF ELECTRICITY
The cost of electricity depends on the supply and demand sizes: The supply-side is determined by the unit costs of electricity and the resulting potentials. In a liberalized and competitive market these costs have a major influence on the energy sources chosen for electricity generation.
As long as an overcapacity of power plants exists to meet electricity demand, no new power plant is necessary to meet the demand. The EU considered that the difference between the maximum level of electricity generation and the peak in the demand of electricity should be no less than 5 percent.
With future demand growth and plant replacement, new capacity has to be constructed. Competition between different new generators is influenced by the total costs of electricity generation. In both cases, costs depend on the applied conversion technology and the applied energy source, respectively. The escalating prices of crude oil and natural gas as supply dwindles has prompted some reluctant governments to further consider investment in renewables. However, conventional types of renewable energy resources with widespread practical usage all require initial capital investments that often dwarf what is required for natural gas and coal power plants. Fortunately, the increase in research and development has yielded cheaper production methods and more durable, costeffective materials that continue to bring these costs down.
In an effort to assess the real viability of alternative energy solutions on a large-scale, it is useful to compare the cost per kilowatt-hour (kWh) for each of the most common types of renewable energy resources. The cost in cents per kWh includes initial capital costs (amortized), maintenance, fuel and waste disposal costs, when applicable. Tax incentives are built into the calculations.
• Wind: US$0.09-US$0.22/kWh. The use of lightweight, but durable materials and more aerodynamic designs have significantly lowered the production cost of the wind turbine. Cost alone is not the only concern when considering wide-scale deployment of wind farms. Susceptibility to failure from mechanical fatigue, the inability to function well in the rain or in cold climates, and the noise created from vibration, should all be taken into account when considering the true cost of using this type of energy source. Despite the substantial upfront investment required for the generator, it requires a marginal operating cost of less than US$0.01 per kWh.
• Geothermal: US$0.09/kWh. The considerable variability of costs for this renewable energy resource comes largely from the type of plant constructed and the depth of drilling required. Boasting incredible uptime of more than 97 percent, geothermal plants can operate more efficiently and consistently than coal plants with uptimes of around 70 percent. Binary geothermal plants (currently the preferred technology) are small, and can be built in a variety of different places including acreages and rural farmland. Even though they are smaller, they still carry a higher initial investment than natural gas plants.
Despite the sustainability of its free fuel source, the high cost of well drilling and pipeline construction prevent many of these plants from ever being built.
• Hydro: US$0.09/kWh. Hydropower is the most practical and universal of renewable energy resources. While they can only be built in a limited number of places due to the extraordinary amount of space required, hydropower plants are the most efficient source of green electricity and contribute no waste or emissions into the environment. Environmentalists argue that large hydroelectric power projects destroy marine ecosystems and disrupt fragile habitats. In response to these protests, governments and private enterprise have developed several cutting-edge technologies such as hydrokinetic power systems that generate power without the need for dams.
• Solar: US$0.14 (Photovoltaic); US$0.26/kWh Thermal). Solar power systems include photovoltaic and solar-thermal. The high cost of these types of renewable energy sources is largely due to the high price of silicon crystals. Silicon prices continue to rise as their widespread production applications are leading to supply shortages. However, newly developed alternative materials could bring the cost down below US$0.05/kWh in the near future (Annual Energy Outlook, 2013) .
The environmental benefits of using electricity generated by renewable energy sources unarguably outweigh any financial drawbacks. Nonetheless, it is still prudent to consider the real financial viability of each of these leading types of renewable energy resources as a real alternative to fossil fuel-based energy.
By looking closer at a certain energy source, another important correlation appears; namely the correlation between costs of electricity generation and the availability of capacity. Because every energy source used for electricity generation has limitations, costs depend on previous exploitation and installed capacity. Hence, strategies for a forced market penetration of renewable energy sources for electricity generation in a future electricity market must be based on a detailed analysis of costs and potentials for electricity generation from different renewable energy sources.
On the other hand, demand for renewable energy sources for electricity generation is determined by a number of factors, including:
a)
The industrial economic point-of-view. The price of conventional electricity is set by supply and demand of electricity in general. According to specific market conditions across Europe, this price differs by country and by sub-region. These differences will continue to change due to the ongoing liberalization process. Under the assumption that no other promotional instrument exists, the price of conventional electricity would determine the market penetration of renewable energy sources for electricity generation. In this case, only the quantity of green electricity would be produced that could be generated to lower or equal costs than the according conventional price level;
b)
Willingness to pay for electricity generated from renewable energy sources. Voluntary approaches to promote renewable energy sources for electricity generation (e.g., green tariffs) are based on consumers' willingness to pay voluntarily more for green electricity. It is important to highlight that can in Denmark, Luxembourg, Netherlands, Finland and Sweden, the percentage of people who voluntarily sought green electricity is larger than in other countries, and so their demand for renewable energy sources for electricity generation is large compared with other countries. Nevertheless, there usually exist important divergences between real demand and the aspiration shown in surveys. There is an important interaction between regulatory and voluntary approaches, with huge impact on the latter one (Menges, 2003) . This interaction relates to the existing asymmetrical relationship between both approaches, which explains the relatively poor readiness of German consumers, facing a high regulatory demand for renewable energy sources for electricity generation, to pay more for green electricity, despite their well-known environmental awareness;
c)
Promotion instruments for renewable energy sources for electricity generation on the demand-side. To promote renewable energy sources for electricity generation, a mandatory demand could be set by the government. Assuming, a quota for renewable energy sources for electricity generation is introduced, a mandatory (inelastic) demand for electricity from renewable energy sources results (Resch et al., 2006) .
CONCLUSION
It is important to highlight that within the EU renewable energy sources all of them are indigenous, they do not rely on the future availability of conventional sources of energy, and their predominantly decentralized nature makes EU countries' economies less vulnerable to volatile energy supply. Consequently, they constitute a key element of a sustainable energy future. However, for renewables to become the "stepping stone" to reaching the dual objective of increased security of supply, reduce the cost of the energy bill, and reduce greenhouse gas emissions, a change in the way in which the EU promotes renewables is needed. Strengthening and expansion of the current EU regulatory framework is also necessary. It is important also to ensure that all EU Member States take the necessary measures to increase the share of renewables in their energy mix (COM (2008) ).
With the exception of existing hydroelectric facilities, almost all of the power generation capacity required to supply Europe in 2050 will need to be built in the next three or four decades. This is a major undertaking regardless of the energy mix, and would pose a massive challenge even in a high-carbon scenario. The cost implication of such tasks is enormous and a billion of euros in new investment in the EU energy sector will be needed.
Based on the elements included in the previous sections of this paper, the following can be stated:
1.
The renewable electricity sector within the European region is a quite advanced sector with already well developed market and business structures. Most of the activities reach beyond general awareness raising and promotion. Issues like favorable, reliable and forwardlooking policy frameworks, investment security, access to electricity grids and fair regulation, operation and maintenance dominate the picture;
2.
Although the sector is generally very dynamic and well developed, it still faces considerable regulatory, administrative, and grid barriers in order to increase the role to be played by renewables in the EU energy mix during the coming decades;
3. The dissemination efforts in promoting the use of renewable energy sources for electricity generation in the European region have generally improved considerably, but still need to be given even higher priority. Not all EU Member States have adopted the necessary measures in order to increase the role of renewable in their energy mix. In times of a growing flood of information, information needs to be well targeted, concise, and well prepared in order to reach the respective target groups;
4. Electricity customers (residential customers and also business firms) are interested in green power products and look for independent ecolabels as guidance to their purchase decision. However, the cost of the introduction and expansion of renewables are not cheap and additional measures should be adopted in order to reduce the energy bill;
5. The regulatory framework should include incentives for distribution system operators to integrate distributed generation. The remuneration schemes for operational and capital expenditures and the benchmarking procedures should take into account the connection and management of distributed generation. Additional incentives should be considered to promote innovation and research and development activities by distribution system operators;
6.
Deep connection charges that include reinforcement costs should be avoided. Either a shallow charging policy could be adopted or the use of system pricing methodology could be reformulated to allow the financial recognition of distributed generation contribution to the network costs;
7.
Participation of distributed generation in ancillary service and balancing markets can be enhanced, if market rules accept aggregation of small individual generators. The timeframe for announcing estimated production in balancing arrangements should become smaller;
8. EU Member States apply very different, inconsistent and non-transparent procedures and rules for interconnection and connection charging of new distributed generation and renewable energy sources market entrants. This creates unnecessary risk and uncertainty to project developers, and it leads to market distortion. As a result of the above, there is an urgent need for novel, consistent and panEuropean approaches to distributed generation, interconnection rules and connection charging across the whole of the EU; 9. Current national systems for tracking electricity are mainly focused on national markets, vary considerably among countries and their design and interaction with related policies lead to significant volumes of multiple counting and loss of information;
10. The design of a tracking standard for electricity is a delicate issue for market participants and should be developed carefully in order to produce useful results, for example for electricity disclosure, but at the same time not to create negative impacts on the liquidity of electricity markets. The preferred tracking system should feature an efficient mechanism for explicit tracking, preferably based on certificates, combined with an option to use a residual mix, which consists of statistical generation data, which is corrected by those attributes that have been tracked explicitly;
11. Wind power, solar photovoltaic and geothermal sectors is expected to achieve the European targets set in the EC White Paper. Other sectors need more incentive from the individual EU Member States in order to achieve these targets;
12. In different EU Member States there still exist a variety of different, non-transparent cost allocation and cost reimbursement principles for grid integration of renewable electricity and system operation. It is important to harmonized these principles in order to expand the energy market;
13. From the grid-operators' points-of-view, at present there exist no incentives for large-scale grid integration of renewable electricity, since the corresponding grid-related costs are hardly eligible in the grid regulation/grid tariff determination procedures;
14. Comprehensive quantitative analysis (renewable electricity modelling, and empirical renewable electricity case studies) provide evidence that the "overall costs" of large-scale intermittent grid integration of renewable electricity (including system operation costs and grid reinforcement/extension costs) are still below 10 percent of the long run marginal costs of the renewable electricity generation technology itself;
15. Solar photovoltaic policy measures and starting positions vary strongly from country to country. Therefore, close cooperation, deepened crossnational discussions and actions are absolutely necessary, also after finishing the project. Especially the National Position Papers and Action Plans will help the respective countries for an improved political discussion of solar photovoltaic. Although the core group of the Solar Photovoltaic Policy Group already gathered eight nations, it is desirable that the results are disseminated and used in nonparticipating EU countries (European
